This study explores the impact of the Internet on the scientific communication process and the productivity of the scientists in Nigerian universities. It was expected that, besides the direct contribution of the Internet to research through access to vast stores of scientific information, the Internet would increase the number of colleagues a scientist communicates with on a regular basis, and consequently stimulate higher productivity. The results show that, while there is a correlation between the number of contacts maintained by the scientists and their productivity, the Internet contributes little to increasing those contacts or improving productivity.
1. Introduction
Information and communication
Scientific productivity, in the form of intellectual contributions to the advancement of science, is a fundamental consideration in the scientific enterprise. A crucial requirement for productivity and progress in science is a system of communication between scientists and for the dissemination of scientific information. Scientific journals evolved in the seventeenth century to replace the system of exchanging personal letters between scientists, which had evolved because of unacceptable time delays in publishing books [1] . However, journals are no longer used for rapid communication, but rather as a medium for priority claiming, quality control and archiving scientific work [2, 3] . The rising costs associated with producing paper journals as well as subscription charges coupled with the increase of widely available Internet communications tools, such as the World Wide Web, have provided the catalyst for a revolution in the exchange of scientific and technical information [3, 4] . Furthermore, it has been observed that traditional print media are in fact quite limited in their ability to present much information of value to scientists. Colour is often useful in representing a third (or fourth) dimension, such as in electron density maps, multi-dimensional structures, etc. Dynamic processes are impossible to represent in print. The solution is the publication of movies. It is noted that the use of dynamically generated web pages allows for end-user customization of the materials that are presented on the screen. That means that it will be possible for the subscriber of a journal to customize the format and types of information that he or she wishes to receive, allowing the journal to become more suitable for the reader's purposes [5] .
The Internet has been described as an information superhighway or information infrastructure to emphasize the expectation that it would transform the way that information is created, manipulated, stored, retrieved, transferred and utilized [6] [7] [8] [9] [10] . It is indeed changing the ways in which scholars seek information, communicate with each other, conduct research and distribute research results. Some studies have considered the use and perceived importance of the Internet services as a medium of scientific information [11, 12] . Other studies have considered the impact of electronic journals on the process of scholarship, research and the advancement of knowledge [12, 14] .
Scientists usually maintain a close link with other scientists in a network known as an invisible college. In the scientific world of today, there is no room for the isolationist scientist, buried in his or her own research microcosm and not participating with others. The traditional points of contact are scientific meetings, memberships of professional associations, local institutional activities and study sections [15] . Now, the Internet, as a global communication network, links scientists all over the world, providing them with a means of easy and prompt one-to-one contact for the exchange of data and information, group discussion and teleconferencing, collaboration on research work, access to databases and data repositories, as well as the benefit of a wide range of information services. The potential benefits of Internet services to scientists are many, including: . access to news, newsgroups, growing ideas, and a wealth of informal information; . linking to colleagues worldwide, facilitating cooperation and collaboration; . finding new colleagues;
. sharing an idea all over the world in a matter of minutes; . learning who is pursuing the same interests in another discipline; . access to library catalogues worldwide; . access to databanks and databases in various institutions all over the world; and . public domain software packages for teaching and research [16, 17] .
Productivity
Hagstrom [18] found that there was a correlation between productivity and the rate of joint authorship.
Meadows [19] also demonstrated that the number of contacts a scientist had (that is, the number of colleagues a scientist communicated with on a regular basis) was related to the extent to which he carried out his research work in collaboration with others. Dobrov and Kocherovets [20] found that the productivity of a scientist depended on the number and frequency of contacts with colleagues and time spent on such contacts. Ehikhamenor [21] studied the productivity of physical scientists in Nigerian universities in relation to communication variables. He pointed out that having contacts, especially overseas, was absolutely necessary for obtaining scientific information in the prevailing circumstances of information crisis. In more recent studies, it has been found that computermediated communication and the use of electronic journals are positively associated with scientific productivity and collaboration and other indicators of performance [22, 23] . As a matter of fact, the effects of Internet usage on productivity are quantifiable, and it is possible to calculate tradeoffs between Internet usage and the more traditional inputs [24] .
This study
There is no doubt that the Internet has assumed the role of providing a medium of scientific information, facilitating contacts between scientists, supporting exchange of information and the building of research networks, and consequently of making the pursuit of science more creative and productive. It would, therefore, be expected that, besides the direct contribution of the Internet to research through access to vast stores of scientific information and by facilitating information transfer, the increased number of contacts made possible by the Internet would yield a very good return in terms of improvement in productivity. This article is a complement to the one that appeared in an earlier issue of this journal on the use of the Internet by Nigerian scientists. It explores the impact of the Internet resources on scientific research in Nigerian universities. The main focus is to determine if the use of the Internet services has had any positive influence on the building of contacts both within and outside Nigeria and on the productivity of the scientists. Data collection was undertaken between July and August 2001 by means of a self-administered questionnaire. The questionnaire was designed to elicit information on the background of the scientists, their use of the Internet, their experience with Internet resources, their evaluation of the Internet facilities, their contacts and journal article publication. In all, 467 copies of the questionnaire were delivered by research assistants to all the academic staff (from Assistant Lecturers to Professors) of selected disciplines in physical and biological sciences in the 10 universities that have most of the appropriate disciplines out of the 11 universities in south-western Nigeria. Only the staff that were away from their stations during the period were left out of the study. Following repeated visits to retrieve the completed Internet resources in Nigerian universities copies, 371 appropriately completed copies (79%) were recovered. The distribution by university, discipline, age and official status is shown in Appendices 1-4. Although this study was carried out in south-western Nigeria, there is no reason to expect a remarkably different set of results from the other geographical zones of the country. In these zones we have universities of the same age, comparable staff strength, similar funding constraints, as well as those that are cosmopolitan, urban and rural.
Results
E-mail is the most frequently used of all the Internet facilities. The other facilities that follow in terms of frequency of use are catalogues and databases, electronic journals, WWW resources and free software. Of the websites and databases being used, Uncover (US), American Chemical Society, Wiley InterScience, Elsevier Press, and Ingenta (UK) attracted the highest level of patronage. It must be noted that the use of these other facilities is actually minimal.
Besides indicating the Internet facilities used and the frequency of use, the respondents evaluated these facilities in terms of their importance to their research work. Table 1 shows their evaluation. Considering the number of respondents who ranked the facilities either as 'important' or as 'very important', the facilities that were most important to the scientists were electronic journals, e-mail, WWW resources, especially texts and images, as well as discussion lists and newsgroups.
Electronic journals were more important to a greater number of the scientists, particularly those in chemistry, mathematics, statistics, zoology, botany and microbiology, than the other Internet facilities. Most of the chemists (85.2%), statisticians (81.0%), and microbiologists (79.2%) rated e-mail service as very important. E-mail was particularly important to the scientists between the ages of 41 and 50 years. These people were predominantly of the grades of Lecturer I and Senior Lecturer, and were at stages of very intense research to develop their career and move up in rank. WWW resources were important to physicists, mathematicians, computer scientists, botanists and microbiologists, while discussion groups were important to the physicists, computer scientists, zoologists and microbiologists.
It was necessary to determine the actual purposes for which these facilities are important. Table 2 shows the results. Again, considering the number of respondents who ranked the specified purposes either as 'important' or 'very important', the most important purpose served by the Internet facilities was the keeping abreast of developments in the discipline. In addition, the scientists used the facilities to obtain an orientation in a new research project. Of course, they need to have information on ongoing research projects. For the purpose of submitting manuscripts for publication, the physicists, mathematicians, computer scientists and botanists found the Internet more important than did the other scientists. This purpose was particularly important to the scientists in the age ranges of 30 years and below and between 41 and 50 years. The Internet facilities were also quite important for the other purposes listed in the table. Well over 60% of the users of the Internet found the facilities important or very important for each of the specified purposes. The respondents were asked to give their impression of the Internet in terms of contribution to research information, facilitating contacts, improving productivity and future prospects. Table 3 shows the results.
As important as the Internet facilities may appear to be to the scientists, judging by the importance ratings above, not more than 21% of the users actually agreed with the suggestion that the Internet had become the most important information source in their research. As a matter of fact, only 30.6% agreed that they always found valuable information on the Internet. The use of the Internet had not reduced the amount of use of printed information sources. Very few of the scientists agreed that the use of the Internet had greatly Altogether, the mean number of contacts per scientist both within and outside Nigeria was 5 with a mode of 7. There was no correlation between the use of the Internet and number of contacts. There was, however, strong correlation between number of contacts and number of articles published in 24 months (p ¼ 0.000). The number of journal articles published or accepted for publication in 24 months ranged from 1 to 9 with mean of 5 and a modal value of 6.
In order to determine if the use of the Internet really makes any difference to the scientists in maintaining contacts, we also asked the non-Internet users to specify the number of contacts they have in and outside Nigeria. Out of 184, 72.8% had contacts in Nigeria. The mean number of contacts was 7 with a modal value of 10. On the other hand, 63.6% had at least one contact outside Nigeria. The average number of contacts per scientist was 5 with a modal value of 2. Altogether, the mean number of contacts both within and outside Nigeria was 12 with a modal value of 7. Obviously the non-Internet users were not worse off in terms of number of contacts as compared with the Internet users. The number of journal articles published or accepted for publication per scientist in 24 months ranged from 1 to 5 with a mean of 2 and a modal value of 2. Just as we found in the data of Internet users, there was also strong correlation between number of contacts and number of articles published in 24 months (p ¼ 0.000). The relationships that were observed are depicted in Fig. 1. 
Discussion
Having gone through these findings, we are immediately confronted by the need to make a judgemental statement on the impact of the Internet on the research work of scientists in Nigerian universities. The first major factor that must be kept in mind is that the proportion of scientists who have access to the Internet is rather low and would seem to indicate that the scientists have not yet caught the Internet hype. Nevertheless, our data suggest that the Internet users utilize e-mail service and electronic journals to some appreciable extent. The other Internet facilities are evidently of marginal importance. It is understandable that the scientists would want to use e-mail as a cheaper alternative to telephone calls and a better choice than the postal service in terms of speedy delivery. All other studies have shown that e-mail has been the most intensively used Internet facility. E-mail has a coordinating role, and its biggest effect has been in helping to integrate scientists into professional networks. Brody [11] examined how the Internet serves the scientific research community and highlighted among other things collaboration and large group communication via e-mail and USENET discussion groups.
The importance of electronic journals to the Nigerian scientists is a little more difficult to assess. Although 77.5% of the Internet users rated electronic journals as either important or very important, none of them could say how many journals they actually consulted. Of course, previous studies showed that the impact of electronic journals on scientific communication was minimal [12] [13] [14] . Therefore, it would seem that the rating of electronic journals by the Nigerian scientists is based on their expectations rather than on their experience of actual use.
The purposes for which the scientists used the Internet facilities are in keeping with the normal Fig. 1 .
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Journal of Information Science, 29 (2) 2003, pp. 107-116 requirements in scientific research. These included keeping abreast of new developments in the discipline, obtaining information for orientation in a new project or on ongoing projects, conducting extensive literature survey, obtaining information on organizations and individual scientists, submitting manuscripts for publication, consulting colleagues through e-mail or discussion groups, and searching for factual information and answers to specific questions. These encompass almost all the needs and information-related activities involved in scientific research. In an earlier study, the World Wide Web was found to be used primarily to search for general, factual, ephemeral or very specific information [12] .
The extent to which the Internet actually meets these needs for the Nigerian scientists is probably minimal. Less than a third of the respondents agreed that they always find some valuable information on the Internet. A negligible number have found the use of the Internet bringing about a reduction in the time they spend on using printed information resources or really facilitating their research work. Almost all of them disagreed that the Internet helped them in increasing contacts with other scientists or that it facilitated higher productivity. This means that the level of satisfaction in using the Internet is extremely low. The Nigerian scientists are probably not alone in this situation. It has been found that academics regard the World Wide Web as an extra facility, not as a facility that replaces printed information [12] . Not finding valuable information on the Internet seems to be a recurring problem. A serious problem that has been observed in subject searches on the World Wide Web is the large amount of irrelevant hits that occur.
The Internet is indeed a different thing to different people. There are some who believe that the Internet is the best thing ever to have happened to advance the world of scientific research. Yet many, perhaps the majority of scientists, are altogether disillusioned about the claims of the Internet 'fanatics', or they entertain some reservations. For instance, Udell [25] believes that, despite the popularity of the Web -or perhaps because of that popularity -it has yet to fulfill the original mission of facilitating collaboration among scientists through the use of computer networks for exchanging documents, discussing them, coordinating work, and for creating and publishing collective knowledge. He locates the problem in inadequate exploitation of the Internet communication tools. The Internet is also regarded as a jumble of just about anything. The scientific information content does not go through the traditional publication procedure, including issue from an authoritative source, editorial or peer review, and evaluation by experts [26] . A counter response to that is to point to the steady growth of electronic journals. By 1996, 115 scholarly peer-reviewed electronic journals in science and technology alone were identified [27] . Other problems of the Internet that have been observed are: (1) the information content is very large, unstructured and unsorted -it is often difficult to find the specific information one needs; (2) there are no service quality and security assurances -messages may get corrupted or lost, and there are no guarantees of quality, reliability or desirability of information; (3) it is unequally distributed -two-thirds of the world's Internet hosts are in North America; (4) traffic on the Internet has been growing exponentially, and the protocol is not optimized for multimedia traffic. This has caused congestion and bottlenecks, which are partly related to the limitations of telephone system networks, designed for standard voice traffic and usage patterns [28] .
A number of studies of end-users of online information systems have explored the relationship between satisfaction with information seeking and frequency of use and expectation of success [29] [30] [31] [32] [33] [34] . It is suggested that these factors might also influence the satisfaction that users derive from information-seeking on the Internet [7] . In other words, the more often searchers use a system and the greater their expectation of success, the more likely it is that they will be satisfied with their information-seeking and vice versa. If that relationship holds true, is it not the case that the Nigerian scientists were not deriving the full benefits and satisfaction of using the Internet simply because they were making inadequate or infrequent use of it? Would it also mean that their expectation of success was very low and so they recorded little success? The presumed relationship between satisfaction and frequency of use and expectation of success was not found to hold for Australian academics. Rather it was found that they generally had a high expectation of success when they engaged in information-seeking on the Internet, and were satisfied with the process regardless of how frequently they used the network or whether or not they had received formal training [7] .
There are also some economic considerations about the viability of an Internet-based scientific communication system. At the moment, the motivation for participants to donate or absorb costs may be entirely altruistic, or it may be the desire of an individual to obtain recognition in a discipline or of an organization to gain publicity. It is difficult to imagine that such Internet resources in Nigerian universities motivation will continue to warrant such free journals in the long run. Current print publishers, who are considering Internet access to their entire journals or separate copies of articles, are having a difficult time in deciding whether to do so and, if so, how much to charge for such services. They are considering the huge costs of their information infrastructure, which must be recovered, even if the articles are distributed in electronic media [35] .
A number of systematic surveys of the use of computer-mediated communication technologies in science have found a consistent relationship between their use and productivity [22, 23, [36] [37] [38] [39] . The Internet improves productivity by increasing the efficiency of communication within collaboration and improved access to information. It is also known that computermediated communication is positively associated with scientific productivity and collaboration [22, 23] . So, whatever may be the benefits or level of satisfaction in using the Internet, there is enough evidence that its use facilitates collaboration between scientists as well as raising productivity.
The first surprise in this study is that there were many scientists who seemed to keep to themselves and did not find it necessary to maintain regular communication with specific colleagues in or outside Nigeria on research issues. With only 44.9% of the Internet users having such contacts in Nigeria, and 56.7% having contacts outside Nigeria, it would seem that the Internet users were inadequately integrated in a national or international network. The study shows that the non-Internet users recorded more contacts than the Internet users, and would therefore seem to be better integrated into research networks. E-mail service should provide a convenient means of maintaining communication with colleagues for the exchange of scientific information, but it would seem that many of the Nigerian scientists could do without it and without newsgroups.
This probably explains why there is no positive relationship between use of the Internet and number of contacts. The relationship between number of contacts and number of publication within each category (namely, Internet users and non-Internet users) is as should be expected. One of the explanations for this relationship is that co-authorship is a quick way of increasing the number of publications a scientist can lay claim to. Price and Beaver found that, in a sample of scientists, the number with four papers in five years was the highest for authors working alone or with one co-author, while those working with about 12 collaborators recorded a minimum of 14 papers during the same period [40] . The relationship between use of the Internet and productivity in this study is difficult to explain. It is more likely to be an expression of extraneous factors. For instance, the scientists who were between 41 and 50 years of age were the dominant group among the respondents. It must be noted that these scientists belong predominantly to the ranks of Lecturer I and Senior Lecturer; and that they are at stages of very intense research to develop their career and move up in rank. According to the data in this study, they were more likely to want to explore any facility that might be helpful. Incidentally, 55% of them belonged to the Internet user group while 45% were non-Internet users. As we have found, the Internet users did not believe that the use of the Internet has in any way facilitated their productivity. So what appears to be an association between use of the Internet and productivity is really coincidental and spurious.
An earlier study on productivity of physical scientists in Nigerian universities did not even find any correlation between number of contacts and productivity [21] . The absence of correlation was attributed to a host of constraints being experienced by the scientists in their research and communication activities with the result that the performance of those activities was inconsistent and unpredictable. The correlation found in the present study may well indicate a closer approximation to the normative activities in the scientific enterprise. Nevertheless, the reality on the ground is that the Internet has very little impact on the scientific communication process.
Conclusion
The results in this study do not indicate that the Internet has much impact in the research work of scientists in Nigerian universities. Besides the fact that the proportion of the scientists who have access to the Internet is rather low, the extent to which the Internet actually meets the various research information needs seems quite minimal. Most of the scientists have problems finding useful information on the Internet and so are not satisfied with the output of their information searches. To almost all the scientists, the Internet contributes little to increasing contacts with other scientists. It is doubtful if its use actually facilitates productivity. As would be expected in the normal scientific enterprise, there is a correlation between number of contacts maintained by the scientists and their productivity in terms of journal 32 8.6
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